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1. INTRODUCTION
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1.1. ACUTE SCROTUM 
 
Acute scrotum is a collective term for a series of common urological emergency 
events. Thus knowledge about these entities is fairly important to be able to make the correct 
diagnosis and initiate the treatment, since otherwise dramatic consequences for the patient are 
inevitable. 
Acute scrotum is a clinical syndrome provoked by several different conditions, characterized 
by painful swelling and redness of the scrotum. Approximately 40 years ago, the term acute 
scrotum was mentioned for the first time by Moharit and Krahn (1).  
The collective term includes pathological conditions like testicular torsion, 
epididymitis, twisting of the spermatic cord, torsion of the testicular appendage, testicular 
tumor, trauma, incarcerated scrotal hernia, inflamed hydrocele and insect bite. In the medical 
emergency setting, the most frequent presenting cases out of these conditions are acute 
epididimytis, torsion of the testicular appendages and testicular torsion (1-9). 
 
 
1.2. ANATOMY 
 
1.2.1. ANATOMY OF THE SCROTUM 
 
The scrotal sac is a cutaneous pouch, made up of two histological distinguishable 
layers. The superficial one is a strongly pigmented layer of skin and the deeper one the dartos 
fascia. The latter contains smooth muscle fibers and thereby causes the typical rugose 
appearance of the scrotal skin. The dartos layer together with the cremaster muscle is 
responsible for the adaptation to heat loss and draws, when triggered, the testicles closer to the 
body (10).  
The continuation of the dartos fascia creates a septum within the scrotum and thus 
divides it into a left and a right compartment. From the external view the septum is 
recognizable by the scrotal raphe, which is a cutaneous ridge originated by the fusion of the 
embryonic labioscrotal swelling. These labioscrotal swellings are two cutaneous outpouchings 
originating from the anterior abdominal wall (11).  
The arterial blood supply of the scrotum is derived from the posterior scrotal branches 
of the perineal artery, the anterior scrotal branches of the deep pudendal artery and by the 
cremasteric artery. The scrotal veins take course next to their arteries (10).
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The lymphatic drainage is directed towards the the superficial inguinal lymph nodes. 
Branches of the lumbar plexus to the anterolateral surface and branches of the sacral 
plexus to the posterior and inferior surface, provide the nerve supply to the scrotum (11). 
Figure 1 illustrates an anatomical overview. 
 
 
   
              
             Figure 1. Scrotal anatomy. Taken from http://www.rudyard.org/scrotum-anatomy/. 
 
 
1.2.2. ANATOMY OF THE TESTIS AND EPIDIDYMIS 
 
The male reproductive organs are glands that produce spermatozoa and hormones, 
especially testosterone. The testicles are attached to the spermatic cord within the scrotal sac. 
Commonly the left side is situated slightly inferior compared to the right one. The outermost 
layer is the parietal layer of the tunica vaginalis, followed by the visceral layer of the tunica 
vaginalis. Inbetween those layers is a small collection of liquid, which gives the testicles the 
capability to maneuver within the scrotum. The tunica vaginalis as a whole, can be seen as a 
distal part of the embryonic processus vaginalis (10,11). The tunica albuginea is a strong 
fibrous layer surrounding the testicles, which forms the mediastinum of the testis at the 
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internal posterior side. From this structure, several septa stretch inward and seperate the 
seminiferous tubules, which are necessary for the sperm production (Fig. 2). In the 
mediastinum, the seminiferous tubules unite with the straight tubules and together they 
constitute the rete testis (10). The testicular artery originates from the abdominal aorta and 
continues retroperitoneally until it enters the inguinal canal via the deep inguinal ring and 
joins the spermatic cord. The pampiniform venous plexus, is a venous mesh that surrounds the 
testicular artery within the spermatic cord. It represents another heat regulatory mechanism, 
next to the cremasteric and dartos muscles. Superiorly the plexus veins fuse together and form 
the the right-  and left testicular vein. The right testicular vein connects to the inferior vena 
cava, whereas the left one joins the left renal vein (10,11).  
The spinal segments Th 10 and Th 11 are responsible for the innervation of the 
testicles (4). The epididymis is located on top of the posterior aspect of the testicle. The duct 
of the epididymis forms the epididymis itself, by deflecting and bending many times to such a 
small extend, that it appears to be a compact structure. Efferent ductules connect the rete testis 
with the epididymis, which is crucial for the sperm transport. The epididymis is anatomically 
divided into head, body and tail. The latter one is continuous with the ductus deferens (10). 
 
 
             
          Figure 2. Schematic presentation of testis, epididymis and ductus deferens. Taken  
          from „Interactive Atlas of Human Anatomy“ by Franck Netter. 
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1.3. TESTICULAR TORSION 
 
1.3.1. HISTORY AND OVERVIEW 
 
Chronicles of testicular torsion (TT) date back to the ancient Greece. According to a 
myth, young males sometimes got hit by a divine arrow, leading to scrotal pain and even loss 
of the testicle (12). The physician Delasiauve was the first one in history to publish a case of 
TT in 1840. Fourty-one years later, Lanton characterized the first case of a twisted and fully 
descended testis. In 1893, Defontaine introduced the operative reduction of an intrascrotal 
torsion. The general differentiation into a more specified extravaginal torsion was established 
by Taylor in 1897. Until 1919, only 124 incidences had been documented, whereas between 
1923 and 1930 the double amount of cases were reported, most likely due to the raised 
awareness of this condition (13). The long history of this urological state emphasizes its 
significance. 
TT refers to the longitudinal rotation of spermatic cord structures and the resultant 
interfering with the ipsilateral blood supply of the testis (14). Posing a state of emergency, a 
diagnosis must be readily established and the surgical management must be initiated as soon 
as possible. An immediate salvage attempt to avert necrosis of the affected testicle, has a 
success rate of 90-100% within the first 6 hours, decreasing to 20-50% within 6-12 hours and 
even less than 10% past 12 hours (15,16).  
TT can be subdivided into intravaginal testicular torsion (iTT) and extravaginal 
testicular torsion (eTT), which describe the condition in relation to the tunica vaginalis. The 
iTT is the most prevalent type (13). Twisting of anatomical elements intravaginally can take 
place at three different levels: Rotation of the intravaginal spermatic cord, distortion of the 
mesorchium between testis and epididymis and epididymal torsion in itself. Rotation of the 
intravaginal spermatic cord occurs commonly in the setting of the so-called bell-clapper 
deformity (Fig. 3b). Introduced by Muschat in 1931, this term describes a deformed 
connection between the tunica vaginalis and the testicle, causing a higher mobility of the testis 
and thereby higher probabilty of an iTT.  
 
 
 
 
6 
 
Figure 3. The anatomy of (a) normal attachments, (b) bell-clapper deformity, (c) abnormal 
mesorchium and (d) intravaginal torsion. Taken from  Heyns CF, Visser AJ. Andrology for 
the Clinician. 
 
 
 
 
 
The eTT denotes the twisting of the entire spermatic cord along with the processus 
vaginalis. The attachment of the posterior aspect of the testicle to the mesorchium takes place 
approximately 7-10 days after birth, hence eTT is predominantly an event in neonates (13,16). 
The chief complaints on examination are sudden onset of severe pain, nausea and vomiting, 
swelling of the scrotum, abdominal pain, fever and a possible high-riding testicle (17). A 
measurable cremasteric reflex suggests an epididymitis rather than a TT (16).  
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1.3.2. EPIDEMIOLOGY 
 
TT is a well-known entity worldwide, representing around 10-15% of all acute scrotal 
pathologies in childhood. Although it may occur at any age, it is most common to appear in 
adolescent boys and has another incidence peak in the neonatal period. In the former, 
intravaginal torsion predominates whereas in the latter, extravaginal torsion is seen more often 
respectively (16,18). According to an US study, altogether 4.5 out of 100,000 males in the 
range of 1-25 years will have this condition (14,19).  
Cryptorchidism is a quite common phenomenon at birth, with 2-8% (5,20). Whereas 
the frequency of this condition decreases to 1% in male infants between 6 months – 1 year of 
age (21).  
Up to 42% of young males, who are surgically treated for TT, need to undergo an 
orchidectomy. Even if the blood flow is successfully restored, many suffer from altered semen 
parameters and decreased fertility (16). 
 
 
1.3.3. RISK FACTORS 
 
The anatomical bell-clapper deformity is with 90% of all presenting cases of TT the 
most influential predisposition (22). It is estimated that around 12% of the male population 
inherits this structural abnormality. Since not all children, affected by the bell-clapper 
deformity, develope TT and TT may occur even in the abscence of the former mentioned 
deformity, other triggering factors also play an important role in the pathogenesis of this 
condition. The action of the cremasteric muscle is believed to be an important initiating force 
either way. Cremasteric muscular spasm can be provoked by cold weather, trauma or sports. 
Nocturnal erections can also elicit TT during the sleeping phase, by triggering the cremasteric 
reflex. Additionally, the testes enlarge comparatively to the spermatic cord at the age of 12-18 
years and thereby increase the risk of developing TT (3,13). 
In the setting of torsion in the inguinal region, besides the premise of cryptorchidism 
and its own risk factors, it has been reported that neuromuscular disorders can lead to 
abnormal cremasteric muscle contractions, which in turn may contribute to TT (23). 
 
 
 
8 
 
1.3.4. CLINICAL PRESENTATION 
 
The usual course of TT includes the sudden onset of sharp scrotal pain, which can be 
accompanied by nausea and vomiting. In regard to the age, affected children normally will 
inform their parents or caregivers about the continous bothering pain. Since it is a progressive 
process, additional symptoms as the following tend to appear: Scrotal erythema, scrotal 
edema (Fig. 4), testicular induration, raised horizontal testicle position, absence of ipsilateral 
cremasteric reflex, abdominal pain, groin pain and fever (15,18). 
 
 
 
 
 
                             
 
 
 
 
 
 
 
 
 
Figure 4. Characteristic clinical presentation of an acute scrotum: Red indurated and 
edematous scrotum. (Personal archive of mentor) 
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1.3.5. DIFFERENTIAL DIAGNOSIS 
 
Acute scrotal conditions are widespread urological emergencies. Recognizing TT and 
being able to differentiate it from the remaining possible conditions, is of major importance. 
Differential diagnosis of the most common acute scrotal conditions includes the following: 
Epididymitis, twisting of testicular appendage, spermatic cord torsion, hydrocele, scrotal 
edema, idiopathic edema, trauma, incarcerated hernia and testicular tumor (15). Differential 
diagnosis of acute scrotum is presented in Table 1. 
 
 
Table 1. Differential diagnosis of acute scrotum. 
Diagnosis Clinical clues 
Epididymo-orchitis Altered genitourinary structure or function 
Recent viral illness 
Hematologic disorders Abnormal laboratory values 
Diffusely hard testicle (in leukemia or      
  lymphoma) 
Idiopathic scrotal edema No sign or symptoms of infection 
Swelling of overlying scrotal skin 
Infection Abnormal urinalysis 
Altered genitourinary anatomy 
Epididymal or testicular tenderness 
Fever 
Inguinal hernia or hydrocele Fluctuation of swelling or mass throughout 
  day or with activity 
Torsion of the appendix, 
  testicle or appendix  
  epididymis 
Blue dot sign 
Tenderness over the head of the testicle or 
  epididymis 
Torsion of the spermatic 
  cord 
Absent or decreased blood flow on 
  ultrasonography 
High-riding testicle 
Nausea, vomiting, or both 
Palpable twist in cord 
Sudden onset of symptoms 
Trauma Ecchymosis 
History of trauma or mechanism of injury 
Tumor Elevated tumor markers or abnormal 
  laboratory test results 
Hard mass within testicle 
Systemic symptoms (if metastatic) 
Varicocele Dull, aching pain 
Fluctuation of swelling or pain throughout 
  day or with activity 
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1.3.6. DIAGNOSIS AND MANAGEMENT 
 
The first step to diagnose TT is a thorough history and physical examination. If these 
investigations strongly support the suspicion for TT, a direct surgical exploration is indicated. 
The physician in charge should not prolong the process with time-consuming imaging 
methods. Obscure findings on the presentation however, can be reassured by using the 
Doppler ultrasonography, which has a sensitivity of 89.9% and a specificity of 98.8% with a 
1% false-negative rate in TT (16,18). Showing the nonexistent testicular blood-flow with the 
Color Doppler method, approves an exploratory surgery (16). An evaluation algorithm of a 
patient with an acute scrotum is shown in Fig. 5. 
 
 
                        
      Figure 5. Algorithm for evaluating acute scrotal pain. Taken from Am Fam  
      Physician. 2013;88(12):835-40. 
.  
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At times, due to prevailing circumstances, it might happen, that the essential operation 
cannot be performed immediately. In this situation, manual detorsion and cooling of the 
scrotum with ice is justified. However, those procedures must not be considered as 
substitutions, but more as bridging interventions, until an operation theatre is available (16).  
Current diagnostic methods are non-speciﬁc, time consuming, and not always 
available, resulting in loss of diagnostic time. Additionally, blood samples are routinely 
obtained in patients with an acute scrotum. During infection or tissue injury, the elevated 
white blood cell count (WBC), C-reactive protein (CRP) and erythrocyte sedimentation rate 
(ESR) are accompanied by alteration in the concentrations of several serum proteins. These 
markers may be helpful in differentiation of inflammatory from non-inflammatory causes of 
acute scrotum (24). 
The use of analgetics for a manual detorsion is controversely described in literature. 
On the one hand, its effect will relax the cremasteric muscle and possibly ease the detorsion, 
while on the other hand, it might mask the pain relief due to the effective removal of the blood 
blockade, which in turn is an important indicator for a successful procedure (13,16).  
A surgical exploration has two different possible outcomes. When the affected testicle 
is untwisted by the surgeon and shows signs of viability (Fig. 6a), a bilateral orchiopexy is 
made. If the testis is adjugded to be necrotic (Fig. 6b), an orchidectomy is necessary, as well 
as an orchiopexy on the contralateral healthy testicle. The latter one is performed 
prophylactically, to avoid possible TT development on the other side aswell (16,18). 
 
 
  
 
 
 
                 
 
 
   A                                                                            B 
 
  Figure 6. Intraoperative findings of TT. A) vital testis, torsion degree 270°; B) gangrenous  
  testis, torsion degree 540°. 
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As previously mentioned, iTT is the most prevalent type and associated with the bell-
clapper deformity. A diagnosed TT is always presumed to be bilateral since the bell-clapper 
deformity occurs on both sides in 66% of cases (13,16).  
If it turns out to be an eTT during a procedure, a contralateral orchiopexy is still 
adviced by literature, because of the unkown etiology of the condition (16). The algorithm for 
the intraoperatively decision making is shown in Fig. 7. 
 
 
                   
Figure 7. Management of acute scrotum at the Department of pediatric surgery in University 
Hospital of Split. 
 
 
Children normally do not need further monitoring, apart from the standard surveillance 
in the recovery room. Patients operated for TT commonly recover quickly, but should receive 
control checkups as outpatients for several weeks. During those inspections, optional a 
prothesis can be addressed and planned with the legal guardians and the patient. It should be 
mentioned that TT may reappear, aside from the previous testicular fixation (14,18). 
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1.3.7. AN UNUSUAL PRESENTATION OF TESTICULAR TORSION 
 
Considering TT and its typical presentation, the correct and fast diagnosis should be a 
matter of routine. The scrotal pain guides the physician´s concern clearly towards the 
etiological genital area.  Thereupon immediately the next steps, for evaluating the condition 
and planning the treatment, can be initiated. However, children may possibly present without 
the indicative scrotal pain and may show different inconspicuous symptoms (14,15). The 
potential variable presentation is a destinctive feature of TT. 
An important potential presentation of children with TT, which needs to be 
highlighted, is the initital lower abdominal pain and/or inguinal pain pathology. This occurs 
especially in the early stages of the condition. In that case, the pain is characterized by 
shifting towards the scrotal area a few hours after the onset. Before this typical pain 
migration, valuable time tends to be wasted by not considering TT as a possible diagnosis. 
Lower abdominal pain is a symptom with an extensive list of possible differential diagnosis. 
Thus TT can mimic abdominal conditions, like appendicitis and hence delay or even misguide 
the accurate diagnosis. This often results in diminished chances to salvage the affected testicle 
and to prevent an orchiectomy (15). 
A different unusual variant of TT can occur in the setting of cryptorchidism. The term 
cryptorchidism refers to the undescended testis, that did not migrate into the scrotum. It is a 
multifactorial process, which is yet not fully understood. Usually, after 23 weeks of gestation 
the testicular descent is supported by the development of the gubernaculum, processus 
vaginalis, spermatic vessels and scrotum (18). Testicles sometimes tend to only complete the 
descending process within the first year of life. Hence it is common to wait until the boy 
reaches the age of 1 year, before initiating any steps regarding the undescended testis. The 
incidence of cryptorchidism at 1 year of age decreases to 1%. A still undescended testis at this 
age indicates an orchiopexy (25). If the testicle fails to reach its destined position in the 
scrotum, it can lead to various unfortunate sequelae. The increased temperature can lead to 
infertility. Also testicular tumors are more likely to occur and it is frequently connected with 
the development of hernias (5,19-22).  Risk factors for cryptorchidism are associated with 
genetic predisposition, placental insufficiency and exposure to specific endocrine disrupting 
substances (26). Scientific literature about cryptorchidism is often primarily focused on the 
issue of the higher risks of infertility, although the risk of TT is aswell a quite possible 
resultant complication. The incidence of TT in the setting of cryporchidism is approximately 
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10 times higher (27). The maldescended testicle can be described as abdominal, inguinal or 
subinguinal, according to its position. The inguinal position is the most frequent one with 
75% (16). The exact mechanism behind torsion in the inguinal region is not completly 
understood. The relatively broad testicle in comparison to its mesentery might be a crucial 
factor (21). The most common age for inguinal TT is around the age of 1 year.  
TT in the inguinal canal can have a different symptomatic, compared to the typical TT 
and might resemble some abdominal pathologies (25). TT can also occur on both sides and 
hence carries a high risk of hypogonadism. Bilateral torsion accounts for 2% of all cases (14). 
In the case of a suspected bilateral perinatal TT, an early bilateral exploration is crucial (28). 
Immediate surgical exploration is always indicated in the case of a TT, regardless of the 
location of the testicle (23,29). The basic principles of detorsion, checking for viability of the 
testis, performance of whether an orchiopexy or an orchidectomy, are the same for the 
different presenting types of TT. An example of a clinically evident and pathohistolically 
confirmed necrotic testicle is shown in Fig. 8. 
 
 
 
                                                                                  
 
                                                                      
 
 
 
  A                                                                            B 
 
Figure 8. TT in the inguinal canal. A) intraoperative findings – necrotic testicle B)             
pathohistology of a gangrenous testicle. (Personal archive of mentor) 
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2. OBJECTIVES OF RESEARCH 
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The aim of this study is to identify and highlight unusual presentations of the TT and 
to clarify their peculiarities, by showing demographic and clinical characteristics of patients, 
who were operated for TT. 
The focus lies on two studied groups, one including patients with only abdominal pain 
as the presenting symptom, while the other is composed of patients with TT in the inguinal 
canal. In both cases, it is a rather difficult diagnosis, because of the misleading and rare 
symptom(s) which are considered unusual. 
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3. MATERIAL AND METHODS 
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3.1. PATIENTS 
 
In the time period from January 1999 until December 2017, the case records of 149 
pediatric patients, who underwent surgery for TT, were retrospectively reviewed. 
 
Inclusion criteria: 
1. Male patients, 0-17 years of age 
2. Patients presented with abdominal pain as the only symptom of TT 
3. Patients presented with TT in inguinal canal 
Exclusion criteria: 
1. Patients older than 17 years of age 
2. Patients operated in another institutions, and followed-up at our outpatient clinic 
3. Patients with typical presentation of TT 
4. Patients with incomplete data, or that have been followed-up less than three months 
 
 
3.2. ORGANIZATION OF THE STUDY 
 
The study was carried out as a cross sectional study by corresponding qualitative 
research and descriptively processed data. 
 
 
3.3. PLACE OF THE STUDY 
 
The research took place at the Department of Pediatric Surgery in the University 
Hospital of Split, Croatia. 
 
 
3.4. METHODS OF DATA COLLECTION AND PROCESSING  
  
The corresponding data was obtained by revising the written protocols and records. 
The Software used for processing the collected data was Microsoft Word and Microsoft 
Excel. 
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3.5. DESCRIPTION OF RESEARCH 
 
The patients were divided into 2 distinct groups. The set criteria for one group was the 
presentation with abdominal pain and without the classical, pinpointing towards TT, scrotal 
pain. The other group includes all boys with TT in the inguinal region. The respective medical 
records contained informations for the majority of the patients, about the physical 
examination, medical history, ultrasound, intraoperative reports, outcome and long-term 
consequences. Those case reports were reviewed in a retrospective manner. The parameters in 
the focus of this research were: age, presenting symptoms, physical examination, 
lateralization, degree of torsion, outcome of treatment and complications. 
 
 
3.6. TREATMENT AND FOLLOW-UP 
 
TT was assesed by physical examination. The confirmation of this condition was made 
by the Doppler ultrasound method and scrotal exploration. Results of the Doppler ultrasound 
investigations are not listed, because this diagnostic tool was utilized only in the recent years. 
The arrangements for the emergency exploratory surgery were immediately initiated and 
carried out. After successful anesthesia, the affected hemiscrotum was incised horizontally 
and explorated. The next step was an instant manual detorsion. If the testicle showed signs of 
viability, an orchiopexy was subsequently performed. In the case of a shady and darker 
appearance of the testis, the testicle was enveloped into warm saline-soaked compresses, for a 
minimum of 5 minutes. Possible changes of the colour of the testicle were observed. If no 
improvement was detectable, the surgeon performed an incision into the tunica albuginea of 
the testis, to check for further signs of possible viability. The absence of bright bleeding was 
considered as an indicator to chose an orchiectomy.  
The removed testicles were send to the pathology department, where the necrotic state 
of the organ was confirmed. Regular checkups after the operation were made in the time span 
of 14, 30, 90 and 365 days and subsequently once a year. Additional to the exploratory 
surgery, a few months following the operation, an implantation of a silicone prosthesis was 
carried out in most of the cases. 
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            4. RESULTS 
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In the selected period of the study, 149 patients with the median age of 14 years, 
underwent surgery for TT. The left testicle was more often affected. Out of those 149 
children, 25 patients were included in the study (14 patients who presented with abdominal 
pain only, and 11 who presented with testicular torsion in the inguinal canal).  
The symptoms of the 149 patients, who underwent surgery for TT, varied from pain 
and tenderness to groin pain and elevated temperature. Since almost all patients had more than 
one symptom, note that Figures 9 a, b and c only list each symptom isolated, without taking 
the different combinations or time of occurence into consideration. The most common 
presenting clinical symptoms were scrotal edema, scrotal pain/tenderness and an absent 
cremasteric reflex with an occurence of around 87%, 85% and 82%, respectively (Table 2. 
Abdominal pain, groin pain and elevated temperature (>37°C) represent with 19%, 7% and 
5%, the least common symptoms (Fig. 9a). The symptoms distribution in the inguinal TT 
group shows clearly, that in those 11 children abdominal pain (90.9%) predominated, 
followed by groin pain (45.45%) and nausea (45.45%) (Fig. 9b). 
In the abdominal pain group, evidently abdominal pain (100%) is the symptom of 
focus and was accompanied by groin pain (42.83%) and nausea (50%) in around half of the 
cases (Fig. 9c). 
 
 
 
Figure 9a. Distribution of symptoms of all patients with TT (n=149) 
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Figure 9b. Distribution of symptoms of patients with inguinal TT (n=11) 
 
 
 
 
Figure 9c. Distribution of symptoms of patients with TT and predominantly abdominal pain 
(n=14) 
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Table 2 shows an overview of the demographic data, clinical data and treatment 
outcome in all patients with TT, as well as in patients with an inguinal torsion and in those 
presenting with abdominal pain only. The median age of all children with TT (n=149) at the 
moment of surgery was 14 years (range 0 days- 17 years). Eleven boys (7.38%) out of the 
total number of patients, turned out to have a testicular torsion within the inguinal canal and 
14 (9.39%) children presented with abdominal pain only. Within all participants, the left side 
was affected in 56% (n=84) of the cases, as opposed to the right side, which was affected in 
44% (n=65) of cases. In the boys with inguinal TT and in those presenting with abdominal 
pain, the right side was in both groups more often affected. The duration of the symptoms 
varied substantially and  ranged from 1 hour to 120 hours with a median of 6 hours, with only 
63 out of 149 patients staying below the golden 6 hours. In the two studied subgroups, the 
duration was even longer, with a respective median for the inguinal TT group of 24 hours 
(range 3-60 h) and for the abdominal pain group of 17 hours (range 3-72 h). In the majority of 
the cases (69.8%) a detorsion and fixation was performed, whereas in 45/149 patients an 
orchidectomy was neccessary. In the other two subgroups however, more than half of the 
patients needed an orchidectomy. The orchidectomy was performed in the inguinal TT group 
in 54.54% and in the abdominal group in 57.14% of the cases. 
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     Table 2. Characteristics, operative findings and outcome of all patients with TT. 
 
 
Patient characteristics 
 
 
Testicular 
torsion 
(n=149) 
 
Inguinal 
torsion 
(n=11) 
 
Abdominal  
   pain  
 (n=14) 
Demographic data 
Age, median (range) 
Lateralization 
 14 (0-17) 13 (0-16) 13 (3-17) 
 Left, n (%) 84 (56)     5 (45.45) 5 (36) 
 Right, n (%) 65 (44)       6 (54.54) 9 (64) 
Clinical data 
Symptom duration  (h),  median 
(range) 
        6 (1-120)  24 (3-60)  17 (3-72) 
   <6 h, n (%)         63 (42.28)      2 (18.18)        5 (35.71) 
      6-12 h, n (%)         35 (23.48)      2 (18.18)          / 
    12-24 h, n (%)         18 (12.08)      2 (18.18)           5 (35.71)      
    24-72 h, n (%)       26 (17.44)     5 (45.45)         4 (28.57)    
  >72 h, n (%)           7 (4.69)           /              /      
Scrotal pain, n (%)    127 (85.23)   /                / 
 
Scrotal edema, n (%) 
 
 
  129 (86.58)    
 
      1 (9.09) 
 
   / 
 
Scrotal erythema, n (%) 
 
 
78 (52.35) 
 
     1 (9.09) 
 
       / 
 
Nausea,  n (%) 
 
 
 29 (19.46) 
 
     5 (45.45) 
 
     7 (50) 
 
  Groin pain, n (%) 
 
      17 (11.4)      5 (45.45)   6 (42.83) 
Absent cremasteric  
reflex, n (%) 
    122 (81.88) /        / 
 
Hard testis, n (%) 
 
      83 (55.7) /        / 
Horizontal testice,  
 n (%) 
 94 (63.09) /        / 
 
Abdominal pain, 
n (%) 
 
 28 (18.79)  10 (90.9) 14 (100) 
Torsion degree, 
median (range) 
 
360 
(90 - 1080) 
360 
(180 - 720) 
360 
 (180 - 720) 
Treatment outcomes 
Operational procedure     
 
 
Detorsion and 
fixation, n (%) 
  104 (69.8) 5 (45.45) 6 (42.86) 
 
 
Orchidectomy,   
n (%) 
45 (30.2) 6 (54.54) 8 (57.14) 
 
Complications, 
n (%) 
 2 (1.34) / 1 (7.14) 
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A more extensive list about the characteristic findings about the group of the 11 
patients with the inguinal TT is shown in Table 3. The age distribution ranged from 0 to 16 
years with a mean age of 8.81 years. In 6 cases, the affected side was the right one. The mean 
duration of symptoms in the inguinal group was 27.81 h (range 3-60 h). In 2/11 (18.18%) 
cases the patients presented within 6 h.  The symptoms were mostly limited to abdominal pain 
and groin pain, but also scrotal erythema, edema and nausea was reported (Fig. 9b). In 6 out 
of 11 children, the first physical examination didn´t include a genital examination. In five 
cases, where the patients directly received a genital examination, the first examination was 
carried out four times by physicians, who are specialized in the pediatric field and one time by 
general practitioners. After the referral in all cases to whether a pediatrician or a pediatric 
surgeon, the second physical examination always included a genital evaluation. In the second 
evaluation the condition of TT in the inguinal canal was recognized in all 6 cases. In 6/11 
cases an orchidectomy was performed, because testicular gangrene was found intraoperatively 
(Fig. 10). The follow up showed a successful outcome and no complications. All children 
with detorsed and fixed testicle reported no pain or any other noticeable problems. 
 
 
 
 
 
 
      Figure 10. Clinical outcome in patients with inguinal TT (n=11).
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Table 3. Patient characteristics, operative findings and outcome in group of patients presenting with torsion in the inguinal canal (n = 11). 
 
Patient Age Side 
Duration 
of 
symptoms 
(h) 
Presenting 
symptoms 
Genital examination 
Intraoper
ative 
findings 
Degree  
of TT  
  Outcome 
                            1st examination            2nd examination 
Genital 
examination 
Testicular torsion  
Recognized – YES/NO 
Genital 
examination 
Testicular torsion 
Recognized – 
YES/NO 
1 14 L 56 
Groin pain, scrotal 
edema, erythema, 
nausea 
NO NO (ER physician) YES 
YES (pedaitric 
surgeon) 
Testicular 
gangrene 
360° Orchidectomy 
2 13 R 5 
Abdominal pain,  
groin pain 
YES YES (pediatrician) - - 
Inguinal 
torsion 
720° Salvaged 
3 15 L 60 
Abdominal pain, 
nausea 
NO NO (pediatrician) YES 
YES (pedaitric 
surgeon) 
Testicular 
gangrene 
360° Orchidectomy 
4 16 R 4 Abdominal pain YES YES (ER physician) - - 
Testicular 
gangrene 
360° Salvaged 
5 15 R 6 
Abdominal pain, 
groin pain, nausea 
YES YES (pediatric surgeon) - - 
Testicular 
torsion 
270° Salvaged 
6 1 L 36 Abdominal pain NO NO (ER physician) YES YES (pediatrician) 
Testicular 
gangrene 
360° Orchidectomy 
7 0 R 16 
Abdominal pain, 
groin pain, nausea 
YES YES (pediatrician) - - 
Testicular 
gangrene 
180° Salvaged 
8 9 R 48 Abdominal pain NO NO (ER physician) YES YES (pediatrician) 
Testicular 
gangrene 
360° Orchidectomy 
9 13 L 3 Abdominal pain YES YES (pediatrician) - - 
Testicular 
torsion 
360° Salvaged 
10 1 L 48 
Abdominal pain, 
nausea 
NO NO (pediatrician) YES YES (pediatrician) 
Testicular 
gangrene 
360° Orchidectomy 
11 0 L 24 
Abdominal pain, 
groin pain 
NO NO (ER physician) YES 
YES (pediatric 
surgeon) 
Testicular 
gangrene 
360° Orchidectomy 
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Table 4 shows 14 selected patients out of the 149 children with TT. The main 
symptom and also including criteria for this group, was the abdominal pain (n = 14, 100%), 
often combined with groin pain and vomiting, but no classical TT signs, like scrotal edema 
and scrotal tenderness.  
The age was in the range of 3-17 years with a mean of 12.78 years. The right testicle 
was affected in 9 cases (64%) and the left one in 5 (36%). In 9 out of 14 children, the first 
physical examination didn´t include a genital examination. In those 5 cases, where the patients 
directly received a genital examination, the first examination was carried out three times by 
physicians, who are specialized in the pediatric field and two times by general practitioners. 
After the referral in all cases to whether a pediatrician or a pediatric surgeon, the second 
physical examination always included a genital evaluation. In the second evaluation, the 
condition of TT was recognized in all 9 cases. The mean duration of the symptoms in the 
observed group was 20.07 h (range 3-72 h). In 5/14 (35.71%) cases the children presented 
within 6h. Out of these 14 operated boys, the testicles of 6 (42.86%) were salvaged and in 8 
(57.14%) cases, an orchidectomy was performed because of gangrene of the testis (Fig. 11). 
The follow up showed a successful outcome and no complications, except one reported 
wound infection. All children with detorsed and fixed testicle reported no pain or any other 
noticeable problems.  
  
    
      
      Figure 11. Clinical outcome in patients with abdominal pain (n=14).
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Table 4. Patient characteristics, operative findings and outcome in group of patients presenting with abdominal pain (n = 14)
Patient Age Side 
Duration 
of 
symptoms 
(h) 
Presenting 
symptoms 
Genital examination 
Intraoper
ative 
findings 
Degree 
of TT 
  Outcome 
                            1st examination            2nd examination 
Genital 
examination 
Testicular torsion  
Recognized – YES/NO 
Genital 
examination 
Testicular torsion 
Recognized – 
YES/NO 
1 14 R 3 
Abdominal pain, 
nausea 
YES YES (pediatrician) - - 
Testicular 
torsion 
720° Salvaged 
2 13 R 5 
Abdominal pain,  
groin pain 
NO NO (ER physician) YES 
YES (pediatric 
surgeon) 
Inguinal 
torsion 
720° Salvaged 
3 9 L 18 
Abdominal pain, 
nausea 
NO NO (GP) YES 
YES (pediatric 
surgeon) 
Testicular 
gangrene 
360° Orchidectomy 
4 16 L 36 Abdominal pain NO NO (GP) YES YES (pediatrician) 
Testicular 
gangrene 
360° Orchidectomy 
5 12 R 3 
Abdominal pain, 
groin pain, nausea 
YES YES (pediatrician) - - 
Testicular 
torsion 
360° Salvaged 
6 13 L 24 Abdominal pain NO NO (resident of surgery) YES 
YES (pediatric 
surgeon) 
Testicular 
gangrene 
360° Orchidectomy 
7 16 R 48 
Abdominal pain, 
groin pain, nausea 
NO NO (ER physician) YES 
YES (pediatric 
surgeon) 
Testicular 
gangrene 
270° Orchidectomy 
8 3 R 72 Abdominal pain NO NO (pediatrician) YES 
YES (pediatric 
surgeon) 
Testicular 
gangrene 
720° Orchidectomy 
9 17 L 4 Abdominal pain YES YES (GP) - - 
Testicular 
torsion 
360° Salvaged 
10 17 R 16 
Abdominal pain, 
nausea 
NO NO (pediatrician) YES YES (pediatrician) 
Testicular 
gangrene 
540° Orchidectomy 
11 12 R 10 
Abdominal pain, 
groin pain 
YES YES (pediatric surgeon) - - 
Testicular 
gangrene 
180° Salvaged 
12 13 R 5 Abdominal pain YES YES (GP) - - 
Testicular 
torsion 
180° Salvaged 
13 12 R 18 
Abdominal pain, 
groin pain, nausea 
NO NO (ER physician) YES 
YES (pediatric 
surgeon) 
Testicular 
gangrene 
360° Orchidectomy 
14 12 L 19 
Abdominal pain, 
groin pain, nausea 
NO NO (GP) YES 
YES (pediatric 
surgeon) 
Testicular 
gangrene 
720° Orchidectomy 
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5. DISCUSSION 
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Children represent a very challenging group of patients, especially in the case of 
emergency. Time is an important factor and the communication, needed for a thorough 
anamnesis, is often  not, or only partially possible.  
TT is a pediatric emergency that most commonly occurs during puberty, but may be 
seen at any age. The child usually presents after a sudden onset of pain in the scrotal area with 
an edematous, painful on touch and indurated testicle, often lying in a horizontal position 
(15). The treatment consists of an attempt to surgically explore the area and reestablish the 
inhibited blood flow. Then the following step depends on the viability of the testis, whether it 
is still vital and can be put back into a fixed position or an orchidectomy is necessary (16). A 
salvage attempt within 6 hours has a success rate of 90-100%, strongly successively 
decreasing after that time frame. Accordingly to 25-65% within 6-12 h and to 0-24% within 
12-24 h (14-16). Thus the outcome is time depended. There are two essential time frames, 
where valuable time tends to get lost. The first one is the duration of the symptoms, until the 
child indicates the problem and manages to present to the emergency room. The second 
window, is the time the responsible physician needs to make the accurate diagnosis and 
initiate the treatment. So to speak, until finally the inhibited blood supply gets reversed. 
Atrophy of the testicle is an unpreventable event, if the pain lasted more than 8h (14,15). In 
general, approximately 32% of the children with TT receive an orchidectomy (14,21).  
In 104 (69.8%) out of the 149 (100%) patients in our study, the surgeons were able to 
salvage the affected testicle. The duration of the symptoms ranged from 1-120 h and 63 
(42.28%) patients presented within 6 hours. 
Torsion of the testicle in the inguinal canal is a rare event and infrequently reported. 
Candocia et al. mention in their case report, the increased incidence of TT, in the setting of 
boys with maldescended testis in the association with spastic neuromuscular disorders (23). 
Cryptorchidism can be subdivided into inguinal, subinguinal or abdominal, dependent on the 
position of the testicle. The testis is found in 75% within the inguinal canal. Nonetheless, TT 
in the inguinal canal itself is quite unusual (25,28,30). The phenomenon of an undescended 
testis is present in 3.5% of full-term infants, but decreases to 1% at the age of 1 year, because 
of its self-resolving and often just delayed nature (20,23). Following those data, TT in the 
inguinal canal is expected to peak at the age of 1 year, even though the mean age in our study 
is 8.81 years. A possible explanation is, that the condition of cryptorchidism was not 
recognized before, because those patients were mostly from rural areas and did not visit any 
medical institution. 
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The case of a 14-months-old boy, who refused weight bearing on his left leg, turned 
out to be a testicular torsion in the inguinal canal. This report examplifies the possible 
obscurity of that condition (31). The symptoms of an inguinal torsion can resemble an 
appendicitis or other similar conditions, connected to the umbrella term – acute abdomen (30-
32). 
The goal of the treatment of torsion in the inguinal canal is a testicular preserving 
orchiopexy, if the testis is still viable. In a study, carried out by Zilberman et al., 5/11 boys 
received an orchidectomy (32). In general, the few available studies and case reports 
containing the topic of TT and undescended testis state, that the correct diagnosis is 
frequently delayed and the resultant orchidectomy often necessary (23,30,33,34).  
In our study, 11 (7.38%) children, out of the total number of patients, had an inguinal 
TT. In 6/11 children with inguinal TT, the outcome was an orchidectomy. The mean duration 
of symptoms in the inguinal group was 27.81 h (range 3-60 h). Only 2 patients presented 
within the first 6 h. Our data show that in 6/11 cases in the inguinal group, the first physical 
examination did not include a genital examination and thus the condition kept being 
undetected, until they were examined again. In most of the cases the first investigating 
physician was not a specialized pediatrician. Therefore the neglected genital examination 
could be a consequence of the inexperience of the physician. The second evaluation always 
included the genital examination and also always correctly diagnosed TT. Thus the genital 
evaluation represents a reliable method to diagnose TT. 
Abdominal pain is a demanding symptom, with a broad spectrum of differential 
diagnosis. The possibilities range from a simple harmless condition to an acute state of 
emergency. Drawing the wrong conclusion might lead to serious consequences for the patient. 
Hence the physician, responsible for the first examination, is obligated to investigate the 
pathology behind the abdominal pain by any means. Performing a complete physical 
examination also implies an inspection of the genital area (6,35,36). The typical presentation 
of TT includes sudden onset of sharp testicular pain and scrotal swelling, which can be 
accompanied by additional features. The testicular innervation originates from Th 10 and Th 
11. On the other hand, the anterior part of the scrotal area is innervated by L1 and the 
posterior one by S2/S3. So the anatomy can lead to various diffuse and misleading pain 
stimuli, that are sensed by the patient outside of the affected area (37). In the reported case of 
a boy with abdominal pain, the physician didn´t perform a genital examination. In a second 
examination a pediatrician detected scrotal bruising and a tender testis. A surgery was 
immediatly initiated, but the testis was already gangrenous and had to be removed (36). In 
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another case of two boys, with abdominal pain as the leading the symptom, the genital 
evaluation was neglected aswell. In both patients the intraoperative findings showed a non 
viable testis and they had to undergo an orchidectomy (37).  A further example for the easily 
misdiagnosed TT, presenting with abdominal pain, is the report of a boy, who got wrongly 
diagnosed with appendicitis. Additional evaluations revealed an incomplete TT (38). 
Anderson et al. stated that 22% of their patients were troubled by abdominal pain, which 
frequently overshadowed the pain in the scrotal area. They also reported 3 cases of 
unnecessary appendectomies, due to the misconception of appendicitis, instead of the actual 
existing TT (39). 
In New York an insurance company claimed, that TT is placed on the 4th position of 
common misdiagnosed conditions (40). TT is also the 3rd most common reason of 
accusations for medical malpractice against physicians (36). 
In our study 11 patients with inguinal TT and 14 patients with TT, presenting with 
abdominal pain, represent 16.77% of the reviewed 149 patients in total. The mean duration of 
the symptoms in the observed abdominal group was 20.07 h (range 3-72 h), and 5/14 
presented within the valuable 6 h. The duration of the symptoms is a well researched predictor 
for the outcome (27). In the abdominal pain group 8/14 children received an orchidectomy. 
Our results show, that no immediate genital examination was performed in 9 out of 14 cases, 
in the patients with abdominal pain, which possibly is due to the unfamiliar presentation. 
The inferior outcome of the groups with an unusual presentation, reflects the difficulties of 
the unacquainted characteristics of these uncommon cases.  
The possible misleading presentation, the fact that children often have difficulties to 
properly express themselves, the narrow golden time window to resolve the situation – the 
conglomeration of those circumstances makes TT prone to false decisions and subsequent 
malpractice. The quintessence is to include the genital evaluation in the first physical 
examination in male children. The responsible physician simply needs the knowledge about 
the possible unusual presentations of TT, thus he can act accordingly.  
Announcing and emphasizing informations about the different odd presentations of TT 
into the common medical knowledge, could improve the general outcome. 
The main limitation of this study is its retrospective character. The medical records are 
prone to bias. Duration of the symptoms is a subjective information and can have significant 
inaccuracies. Statements from children depending on the age are disputably reliable. Thus it is 
possible that sometimes less symptoms were reported by the patients, than they actually had. 
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6. CONCLUSION 
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TT, particularly in regard to torsion in the inguinal canal or presenting dominantly 
with abdominal pain, can be easily missed, but needs to be recognized on time, to salvage the 
affected testicle. A high level of suspicion is required for the diagnosis of TT presenting in an 
unusual manner. TT presenting in an uncommon manner is very often misdiagnosed and often 
leads to orchidectomy. The intention of this study is to emphasize a possible presentation of 
TT, which is unexpected or out of the ordinary and furthermore to highlight the importance of 
a complete physical examination, including the genital evaluation. 
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8. SUMMARY 
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Objective: The aim of this study was to investigate demographic and clinical characteristics 
and outcomes of the treatments of the patients with an unusual presentation of the acute 
scrotum and to clarify their peculiarities. 
Subjects and Methods: From January 1999 until December 2017, a number of 149 patients 
received an operation for TT in the pediatric surgery department of the University Hospital of 
Split. Out of that number, 25 patients were indentified with unusual presentation of an acute 
scrotum (14 patients who presented with an abdominal pain only, and 11 who presented with 
testicular torsion in inguinal canal). For each patient following parameters were investigated: 
age, symptoms, lateralization, degree of torsion, physical examination, outcomes of treatment, 
long-term consequences and complications. 
Results: Eleven boys (7.38%) out of the total number of patients 149 (100%) turned out to 
have a testicular torsion within the inguinal canal and 14 (9.39%) children presented with 
abdominal pain only. The median age of all children with TT (n=149) at the moment of 
surgery was 14 years (range 0 days- 17 years). The duration of the symptoms varied 
substantially and  ranged from 1 hour to 120 hours with a median of 6 hours, with only 63 
(42.28%) out of the 149 patients staying below the golden 6 hours. Only 2/11 (18.18%) 
children of the inguinal group and 5/14 (35.71%) children of the abdominal group presented 
within 6 h. In the group with inguinal TT, the age distribution ranged from 0 to 16 years with 
a median age of 13 years. The symptoms were mostly abdominal pain (90.9%), followed by 
groin pain (45.45%), nausea (45.45%), scrotal edema (9.09%) and erythema (9.09%). In 6 out 
of 11 children, the first physical examination didn´t include a genital examination. The 
median duration of symptoms in the inguinal group was 24 h (range 3-60 h). In the group with 
abdominal pain, the age distribution ranged from 3 to 17 years with a median age of 13 years. 
The symptoms were limited, besides the abdominal pain, to groin pain (42.83%) and nausea 
(50%). In 9 out of 14 children, the first physical examination didn´t include a genital 
examination. The median duration of the symptoms in this group was 17 h (range 3-72 h). 
Orchidectomy was performed in the inguinal TT group in 54.54% and in the abdominal group 
in 57.14% of the cases. 
Conclusion: Testicular torsion, particulary in regard to torsion in the inguinal canal or 
presenting dominantly with abdominal pain can be easily misdiagnosed, but needs to be 
recognized on time, to salvage the affected testicle. The complete physical examination, 
including the genital examination, needs to be performed in each male patient presenting with 
lower abdominal or groin pain. 
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9. SUMMARY IN CROATIAN 
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Cilj istraživanja: Cilj ove studije je istraţiti demografske i kliničke značajke, te ishode 
liječenja u bolesnika koji su liječeni zbog neuobičajene kliničke slike akutnog skrotuma i 
razjasniti njihove osobitosti. 
Ispitanici i metode: Od siječnja 1999. do prosinca 2017. 149 bolesnika operirano je zbog 
torzije testisa u Klinici za dječju kirurgiju KBC-a Split. Od ukupnog broja bolesnika 
zabiljeţeno je 25 bolesnika koji su imali neuobičajenu kliničku sliku akutnog skrotuma (14 
bolesnika koji su imali dominantno abdominalnu simptomatologiju i 11 bolesnika koji su 
imali torziju testisa u preponskom kanalu). Svakom bolesniku zabiljeţeni su slijedeće 
značajke: dob, simptomi, lateralizacija torzije, stupanj torzije,  fizikalni nalaz, ishodi liječenja, 
praćenje i komplikacije. 
Rezultati: Jedanaest dječaka (7,38%) od ukupno 149 imalo je torziju testisa u preponskom 
kanalu, a 14 (9,39%) ih je imalo torziju koja je bila praćena isključivo abdominalnom 
simptomatologijom, bez boli u testisu. Medijan dobi za svu djecu s torzijom testisa (n=149) u 
trenutku kirurškog zahvata iznosio je 14 godina (raspon 0 dana- 17 godina). Medijan trajanja 
simpoma iznosio je 6 sati (raspon 1-120 sati). Samo 63 (42,28%) bolesnika došla su unutar 
tzv. zlatnog perioda od 6 sati. Samo 2/11 (18,18%) djece u grupi torzija u preponskom kanalu 
i 5/14 (35,71%) djece s abdominalnom simptomatologijom javilo se unutar 6 h od početka 
simptoma. U grupi torzija u preponskom kanalu medijan dobi iznosio je 13 godina (raspon 0-
16 godina). Najčešći simptom bio je bol u trbuhu (90,9%), a slijedili su ga bol u preponi 
(45,45%), mučnina (45,45%), otok skrotuma (9,09%) i crvenilo (9,09%). U 6 od 11 dječaka 
prvi pregled nije uključivao pregled genitalne regije. Medijan trajanja simptoma u ovoj grupi 
bio je 24 h (raspon 3-60 h). U grupi torzija s predominantno abdominalnom 
simptomatologijom medijan dobi iznosio je 13 godina (raspon 3-17 godina). Bol u trbuhu bila 
je dominantni simptom u svih bolesnika u ovoj grupi, a slijede je bol u preponi (42,8%) i 
mučnina (50%). U 9 od 14 dječaka prvi pregled nije uključivao pregled genitalne regije. 
Medijan trajanja simptoma u ovoj skupini bio je 17 sati (raspon 3-72 sati). U skupini 
bolesnika s torzijom testisa u preponskom kanalu orhidektomija je učinjena u 54,54% 
dječaka, a u skupini torzija s predominantno abdominalnom simptomatologijom čak u 57,14% 
dječaka. 
Zaključak: Torzija testisa, osobito ako nema uobičajenu simptomatologiu i prezentira se kao 
torzija u preponskom kanalu ili dominantno abdominalnom simptomatologijom lako moţe 
biti previđena, iako bi trebala biti prepoznata na vrijeme da bi se testis sačuvao. Kompletan 
fizikalni pregled, uključujući pregled genitalne regije treba biti sastavni dio svakog pregleda u 
dječaka i adolescenata koji se ţale na bol u trbuhu ili preponi. 
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